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Considering the situation that a single chiral partilce, η, is initially emitted, we study the hidden-charm di-eta
decays of charmoniumlike state Y(4660) and the predicted charmonium ψ(4790), i.e., Y(4660)/ψ(4790) →
J/ψηη through the inetermediates, η
[
D(∗) ¯D(∗)
]
and/or η
[
D+(∗)s D−(∗)s
]
, and answer to the important question
whether there exist isoscalar charmoniumlike structures in the D(∗) ¯D(∗) and/or D+(∗)s D−(∗)s channels. Our results
predict that there will be enhancement structures near D ¯D∗, D∗ ¯D∗ and Ds ¯D∗s thresholds for Y(4660) and near
D∗ ¯D∗, Ds ¯D∗s and D∗s ¯D∗s thresholds for ψ(4790) in the Mmax(J/ψη) distributions of Y(4660)/ψ(4790) → ηηJ/ψ,
respectively. These peaks are accessible at future experiments, especially BESIII, Belle, BaBar and forthcoming
BelleII.
PACS numbers: 13.25.Gv, 14.40.Pq, 13.75.Lb
The special behavior of the cross sections in the vicinity of
thresholds has been noticed more than half a century ago in the
nuclear reaction process [1] based on unitarity in quantum me-
chanics and has been predicted to have the behavior
√|s − sth|
near the threshold energy s = sth. Since then, the near thresh-
old behavior has been studied by the various methods [2, 3].
However, the extensive experimental studies also indicate a
diversity of the threshold or cusp effects. In addition, the new
experimental measurements of the charged Zb and Zc [4, 5]
also show the absence of the enhancements near the thresh-
olds of B ¯B and D ¯D. These new phenomena stimulate us to
propose a new approach to describe the behavior near the
threshold. In Ref. [6], we proposed a new mechanism, which
is named as the initial-single-pion-emission (ISPE) mecha-
nism to reproduce the lineshapes of the Υ(nS )π, {n = 1, 3}
and hb(mP), {m = 1, 2} invariant mass distributions, where
the Zb(10610) and Zb(10650) were discovered.
In 2011, the charged charmoniumlike structures near the
D ¯D∗ and D∗ ¯D∗ thresholds were predicted in Ref. [7] by
studying the hidden-charm dipion decays of higher charmonia
and charmoniumlike states, where the ISPE mechanism was
adopted [6].This mechanism is described such that associating
an initially emitted one chiral particle, π in this case, enhance-
ment in the invariant mass of ψ′π can be seen through the tri-
angle diagram with charmonia and charmoniumlike states ψ
and ψ′ in the initial and final states. Two years later, the BE-
SIII Collaboration reported a charged charmoniumlike struc-
ture Zc(3900) in e+e− → π+π−J/ψ at
√
s = 4.26 GeV [5],
which was confirmed by the Belle Collaboration [9] and in
Ref. [10] later. The observation of Zc(3900) confirms our pre-
diction of a charged charmoniumlike structure near the D ¯D∗
threshold existing in the J/ψπ± invariant mass spectrum of
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Y(4260) → J/ψπ+π− [7], which provides a crucial test of
the ISPE mechanism. With enough experimental data, we
have succeded in reproducing Zc(399) including background
and final state interactions other than the ISPE diagrams [8].
This paper clearly shows that the peak structures can be recon-
structed mainly by the ISPE mechanism even including all the
effects, i.e., other diagrams and relative phases.
Besides these predictions listed in Ref. [7], we have
given abundant phenomena of charged charmoniumlike struc-
tures by applying the ISPE mechanism [11, 12] and the
initial-single-chiral-particle-emisssion (ISChE) mechanism
[13], which is an extension of the ISPE mechanism. The
charged charmoniumlike structures with hidden-charm and
open-strange channels in the J/ψK+ invariant mass spectrum
for the processes ψ(4415)/Y(4660)/ψ(4790) → J/ψK+K−
have been predicted in Ref. [13]. By studying the hidden-
charm dipion decays of the charmoniumlike state Y(4360)
with the ISPE mechanism, we have shown that there ex-
ist charged charmoniumlike structures near D ¯D∗ and D∗ ¯D∗
thresholds in the J/ψπ+, ψ(2S )π+ and hc(1P)π+ invariant mass
spectra of the corresponding hidden-charm dipion decays of
Y(4360) [11]. The ISPE mechanism has been applied to the
processes ψ(4160)/ψ(4415) → πD(∗) ¯D(∗) to predict the en-
hancement structures near the thresholds of D∗ ¯D and D∗ ¯D∗
[12]. Very recently, the BESIII Collaboration has announced
another charged charmoniumlike structure Zc(4025) in the re-
coil mass spectrum of e+e− → (D∗ ¯D∗)±π∓ at √s = 4.26 GeV
[14].
These novel phenomena of charged charmoniumlike struc-
tures have a common peculiarity, i.e., all of them are either
isovectors or isodoublets. In the following, it is natural to ask
whether there exists the corresponding isoscalar charmonium-
like structure as a partner of the predicted charged charmomi-
umlike structures. This question inspires our interest in fur-
ther studying isoscalar charmoniumlike structures by choos-
ing suitable decay processes. In addition, the investigations
on the isoscalar charmonium-like structures will help us to re-
veal the nature of Zc(3900) observed by the BESIII and Belle
2collaborations.
Under the ISChE mechanism, the hidden-charm di-eta de-
cays of higher charmonia and charmoniumlike states can be a
good platform to search for isoscalar charmoniumlike struc-
tures since η, K and π are chiral particles. In this work, we
choose the processes,
Y(4660)/ψ(4790) → η
[
D(∗) ¯D(∗)
]
/η
[
D+(∗)s D
−(∗)
s
]
→ ηηJ/ψ,
where both D(∗) ¯D(∗) and D+(∗)s D−(∗)s are the intermediate states
of Y(4660) and ψ(4790) which decay into ηηJ/ψ. As a vector
charmoniumlike state, Y(4660) was reported by Belle in the
ψ(2S )π+π− invariant mass spectrum of e+e− → ψ(2S )π+π−
[15], which was later confirmed by BaBar [16] in the same
process. ψ(4790) is a predicted charmonium with a quantum
number n2s+1LJ = 53S 1, which is derived from the analysis of
the experimental data with the resonance spectrum expansion
model [17]. These discussed hidden-charm di-eta decays are
similar to the decays of higher charmonium or charmonium-
like state into π0π0J/ψ, where the difference lies in the isospin
of the intermediate D(∗) ¯D(∗).
In this work, we consider only the hidden-charm di-eta de-
cays resulted from the ISChE mechanism, which similarly
provides the ”signal” contribution. This study is the first step
of the whole study similar to our former work of charged
charmonium-like structures near the D ¯D∗ and D∗ ¯D∗ thresh-
olds in Ref. [7]. In reality, there exist different contribu-
tions from different final state interactions when studying the
hidden-charm di-eta decay, which are equivalent to the ”back-
ground” contribution. The final result derived from interfer-
ence between ”signal” and ”background” contributions gives
the real invariant mass distributions of J/ψη, where the total
amplitude is expressed as Atotal = A”signal” + eiφA”background”.
Here to describe this interference the phase factor is intro-
duced, which is crucial to understand the real invariant mass
distribution. However, the phase angle reflecting the interfer-
ence cannot be constrained by theory, i.e., we can construct
the Lagrangians to describe the ”signal” and ”background”
contributions by considering Lorentz invariance and a certain
symmetry, by which we further write out amplitudes A”signal”
and A”background”, but the phase angle φ cannot be calculated
and fixed here only from theory. Hence, we have to wait for
the corresponding experimental data. If the enough data are
available in future, we can carry out the fit our prediction to
the experimental data by including all contributions to the dis-
cussed hidden-charm di-eta decays, which is exactly what we
have done in Ref. [8] (see also Ref. [6]).
Via the ISChE mechanism, the initial higher charmonium
or charmoniumlike state first emits an η meson, which car-
ries continuous energy distribution. Then, the charmonium
or charmoniumlike state can dissolve into the intermedi-
ate D(∗) ¯D(∗) and D+(∗)s D−(∗)s . Due to the continuous energy
distribution of the emitted η, the intermediate D(∗) ¯D(∗) and
D+(∗)s D
−(∗)
s with low momenta can easily transit into J/ψη by
exchanging a proper charm or charm-strange meson. Taking
Y(4660) → ηηJ/ψ as an example, we present the correspond-
ing typical diagrams in Fig. 1.
To calculate the diagrams displayed in Fig. 1, we adopt the
effective Lagrangian approach together with heavy quark limit
Y (4660)
η
η
J/ψ
D(∗)
D¯(∗)
D(∗)
Y (4660)
η
η
J/ψ
D(∗)+
s
D(∗)−
s
D(∗)+
s
(a) (b)
FIG. 1: (Color online.) The typical diagrams for Y(4660) → J/ψηη
through the ISChE mechanism. (a) and (b) depict the processes via
charm meson and charm-strange meson loops, respectively.
and chiral symmetry. The effective Lagrangian describing in-
teractions of Y(4660)/ψ(4790) with ηD(∗) ¯D(∗) or ηD+(∗)s D−(∗)s
is [18–22]
LYD(∗)D(∗)P = −igYDDPεµναβYµ∂νD∂αP∂β ¯D
+gYD∗DPYµ(DP ¯D∗µ +D∗µP ¯D)
−igYD∗D∗PεµναβYµD∗ν∂αP ¯D∗β
−ihYD∗D∗Pεµναβ∂µYνD∗αP ¯D∗β, (1)
where Y denotes a vector charmonium ψ(4790) or charmoni-
umlike state Y(4660) and D(∗) =
(
D(∗)0, D(∗)+, D(∗)+s
)
. P is the
matrix representation of the pseudoscalar mesons. Consider-
ing the η and η′ meson mixing, one has P in the form,
P =

π0√
2
+ αη + βη′ π+ K+
π− − π0√
2
+ αη + βη′ K0
K− ¯K0 γη + δη′
 , (2)
where
α =
cos θ −
√
2 sin θ√
6
, β =
sin θ +
√
2 cos θ√
6
, (3)
γ =
−2 cos θ −
√
2 sin θ√
6
, δ =
−2 sin θ +
√
2 cos θ√
6
(4)
and in the present work we adopt θ = −19.1◦, which is deter-
mined from the decay of J/ψ [23, 24]. The concrete values of
the coupling constants g/hYD(∗)D(∗)P are strongly dependent on
the internal structures of Y(4660) and ψ(4790) and we adopt
gYD∗D∗P = hYD∗D∗P, which holds in the heavy quark limit.
Since in this work we only concentrate on the lineshape of the
J/ψη invariant mass spectrum, the corresponding lineshape is
not dependent on the overall value of the coupling gYD(∗)D(∗)P.
In addition, the interaction between J/ψ and charm/charm-
strange mesons can be constructed in the heavy quark limit,
which has the form
LJ/ψD(∗)D(∗) = igJ/ψDDψµ
(
∂µDD† −D∂µD†
)
−gJ/ψD∗Dεµναβ∂µψν
(
∂αD∗βD† +D∂αD∗†β
)
−igJ/ψD∗D∗
{
ψµ
(
∂µD∗νD∗†ν − D∗ν∂µD∗†ν
)
+
(
∂µψνD∗ν − ψν∂µD∗ν
)
D∗µ†
+D∗µ
(
ψν∂µD∗†ν − ∂µψνD∗ν†
)}
. (5)
3In the heavy quark limit, the coupling constants satisfy the
relation
gJ/ψDD = gJ/ψD∗D
√
mD∗mD = gJ/ψD∗D∗
mD
mD∗
=
mJ/ψ
fJ/ψ ,
gJ/ψD(∗)s D(∗)s =
√
mD(∗)s
mD(∗)s
/mD(∗)mD(∗) gJ/ψD(∗)D(∗) , (6)
where fJ/ψ = 416 MeV is the decay constant of J/ψ, which
can be evaluated by the leptonic decay width of J/ψ [25].
Considering chiral symmetry and heavy quark limit, we
also have
LD(∗)D(∗)P = −igD∗DP( ¯D∂µPD∗µ − ¯D∗µ∂µPD)
+
1
2
gD∗D∗Pǫµναβ ¯D∗µ∂νP
↔
∂α D∗β, (7)
where
↔
∂α only operates on D∗ and ¯D∗ and the relevant cou-
pling constants satisfy gD∗D∗P = gD∗DP/
√
mDmD∗ = 2g/ fπ and
gD(∗)s D(∗)s P =
√
mD(∗)s mD
(∗)
s
/mD(∗) mD(∗)gD(∗)D(∗)P, where fπ = 132
MeV is the pion decay constant and g = 0.59 is estimated
from the partial decay width of D∗ → Dπ [25]. In the
effective coupling, the isospin factors of the pseudoscalar
mesons in the matrix should be involved, such as, gD(∗)D(∗)η =
αgD(∗)D(∗)P and gD(∗)s D(∗)s η = γgD(∗)s D(∗)s P, where α and γ are de-
fined in Eqs. (3)-(4), which are related to the mixing angle
between η and η′.
With the above effective Lagrangian, we can obtain the am-
plitudes corresponding to the diagrams in Fig. 1. In the fol-
lowing, we adopt a symbolMCAB to represent the amplitude of
this process, i.e., the initial charmonium/charmoniumlikestate
dissolves into a meson pair AB with one η emission, which
transits into ηJ/ψ in the final state by exchanging a meson C.
We can express this process
Y(4660)(p0) → η(p3) [A(p1)B(p2)]C(q) → η(p3) [η(p4)J/ψ(p5)] ,
which is marked by the corresponding four momentum.
Taking Y(4660) → ηηJ/ψ via the D ¯D intermediate state as
an example, we write out its decay amplitude, which is of the
form
AD∗D ¯D = (i)3
∫ d4q
(2π)4
[
−igYDDηεµραβǫµY (ipρ1)(ipα3 )(ipβ2)
]
×
[
igD∗Dη(−ipλ4)
] [
−gJ/ψD∗Dεδνθφ(ipδ5)ǫνJ/ψ(−iqθ)
]
× 1
p21 − m2D
1
p22 − m2D
−gλφ + qλqφ/m2D∗
q2 − m2D∗
F 2
(
q2,m2D∗
)
,
(8)
where a form factor F
(
q2,mD∗
)
= ((Λ2−m2D∗ )/(q2−m2D∗ ))N is
introduced, which plays an important role to describe the off-
shell effect of the exchanged charmed meson and reflect the
vertex effect. In addition, the form factor also plays a role to
remove divergence of the loop integral, which is similar to the
Pauli-Villas renormalization scheme. We further reparameter-
ize the cutoff Λ as Λ = αΛΛQCD + mE , where mE is the mass
of the exchanged meson and ΛQCD = 0.22 GeV. We adopt a
typical monopole expression of a form factor, i.e., N = 1 and
take a typical parameter αΛ = 1 to present the following nu-
merical results. We will later discuss the dependence of our
results on the different form factors and parameter αΛ.
As indicated in Ref. [7], the corresponding line shapes
are not strongly dependent on αΛ. The total amplitudes of
Y(4660) → ηηJ/ψ with the D ¯D intermediate state contribu-
tion can be expressed as
MD ¯D = 2AD
∗
D ¯D, (9)
where the factor 2 is due to the isospin symmetry. If consid-
ering the intermediate charm-strange meson loop contribution
for Y(4660) → ηηJ/ψ, this factor 2 should be replaced by the
factor 1. In addition, the parameters in Eq. (8) should be re-
placed with those relevant to the charm-strange meson, i.e.,
mD(∗) → mD(∗)s .
Calculating in the similar way, we can construct the am-
plitudes for Y(4660) → ηηJ/ψ via the intermediate (D ¯D∗ +
H.c.)/(D+s D∗−s + H.c.) and D∗ ¯D∗/D∗+s D∗−s (see Ref. [13] for
more details). Finally we obtain the general expression of the
differential decay width for Y(4660) → ηηJ/ψ,
d2Γi[Y(4660)(p0) → η(p3)η(p4)J/ψ(p5)]
=
|Mi|2
3(2π)332m3Y(4660)
dm235dm
2
45
= Gi(m35,m45)dm35dm45 (10)
with the subscripts i = D ¯D, Ds ¯Ds, D ¯D∗, Ds ¯D∗s , D∗ ¯D∗, D∗s ¯D∗s
to distinguish contributions from different inter-
mediate states. Here, m2i j = (pi + p j)2 and
Gi = (2m35)(2m45)|Mi|2/(3(2π)332m3Y(4660)). mY(4660) denotes
the mass of Y(4660). To calculate the ψ(4790) → ηηJ/ψ
decay, we only need to replace the parameters in the above
decay amplitude and differential decay width in Eq. (10).
TABLE I: The concrete values of the coupling constants and masses
involved in the present work. The masses are in unit of GeV.
Coupling Value Coupling Value Coupling Value
gJ/ψDD 7.44 gJ/ψD∗D 3.84 GeV−1 gJ/ψD∗D∗ 8.01
gJ/ψDs Ds 7.84 gJ/ψD∗s Ds 4.04 GeV−1 gJ/ψD∗s D∗s 8.42
gD∗Dη 9.95 gD∗D∗η 5.14 GeV−1 gD∗s Dsη -10.62
gD∗s D∗sη -5.48 GeV−1
mass Value mass Value mass Value
mD 1.867 mD∗ 2.009 mDs 1.968
mD∗s 2.112 mη 0.548 mJ/ψ 3.097
mY(4660) 4.660 mψ(4790) 4.790
The input parameters including the masses and coupling
constants adopted in this work are listed in Table I.
Since two η mesons in the final state are identical, we give
the distribution in terms of Mmax(J/ψη) defined below, which
denotes the maximum distribution of the J/ψη invariant mass
spectrum of Y(4660)(p0) → η(p3)η(p4)J/ψ(p5). In Fig. 2,
we present a sketch diagram of the phase space depending on
m35 and m45. The phase space is divided into two parts by the
diagonal line of m45 = m35.
4  
 
 
m35(GeV/c
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35
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35
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35
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FIG. 2: (Color online.) A sketch diagram of the phase space of
Y(4660)/ψ(4790)(p0) → η(p3)η(p4)J/ψ(p5) in terms of m35 and m45.
Inside of the black solid curve is the phase space of the decay process
and the diagonal dashed one represents the line of m35 = m45. The
minimum and maximum of m35 are ma35 = m3+m5 and md35 = m0−m4,
respectively. The meanings of mb35 and mc35 are defined in the main
text.
Considering that the distribution is symmetric in m35 and
m45, i.e., d2Γ (m35,m45) = d2Γ (m45,m35). In addition, as
shown in Fig. 2, the phase space is also symmetric to the
line of m45 = m35. Then the one-dimensional distribution of
Mmax(J/ψη) can be evaluated as follows,
dΓ (Mmax (J/ψη))
dMmax (J/ψη)
= 2
∫ II
G (Mmax,m45) dm45, (11)
because
∫ I G (m35, Mmax) dm35 = ∫ II G (Mmax,m45) dm45,
where Mmax (J/ψη) = max {m35,m45} of the integrand,
G (m35,m45), in each integral of r.h.s. of Eq. (11). The
minimum of Mmax(J/ψη) is mb35, which is 3.838 GeV for
Y(4660) → ηηJ/ψ and 3.890 GeV for ψ(4790) → ηηJ/ψ.
One has to notice that the phase space has a sudden change
at the point mc35, which will lead to a turning point in the
distributions of Mmax(J/ψη). This turning point appears at
Mmax(J/ψη) = 3.918 GeV and Mmax(J/ψη) = 3.996 GeV for
Y(4660) → ηηJ/ψ and ψ(4790) → ηηJ/ψ, respectively.
Separately considering the different intermediate state con-
tributions, the calculated results of Y(4660) → ηηJ/ψ and
ψ(4790) → ηηJ/ψ are shown in Figures 3 and 4, respectively.
As presented in Figures 3 and 4, the obtained lineshapes are
not smooth since there exist the turning points in all the di-
agrams, which appear when Mmax(J/ψη) = 3.918 GeV and
Mmax(J/ψη) = 3.996 GeV for the Y(4660) → ηηJ/ψ and
ψ(4790) → ηηJ/ψ decays, respectively. These turning points
are due to the maximum distribution of the J/ψη invariant
mass spectrum itself rather than the ISChE mechanism.
As for Y(4660) → ηηJ/ψ, we present the following impor-
tant information:
1. Besides the turning points mentioned above, there do
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FIG. 3: (Color online.) The obtained Mmax(J/ψη) distributions of
Y(4660) → ηηJ/ψ. Here, the diagrams (a), (b) and (c) are the line-
shapes resulted from the intermediate D ¯D, D∗ ¯D + H.c. and D∗ ¯D∗,
respectively, while the dagrams (d), (e) and (f) are the results consid-
ering the intermediate Ds ¯Ds, D∗s ¯Ds + H.c. and D∗s ¯D∗s contributions,
respectively. The thresholds of D ¯D∗, D∗ ¯D∗ and D∗s ¯Ds are marked by
the vertical dashed lines. The maxima of these lineshapes are nor-
malized to 1.
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FIG. 4: (Color online.) The obtained Mmax(J/ψη) distributions of
ψ(4790) → ηηJ/ψ. The lineshapes presented here are arranged in
the same way as in Fig. 3.
not exist other peaks in Fig. 3 (a) and (d), which is
the same as the results for dipion decay cases. No peak
caused by ISChE mechanism appears in Fig. 3 (f), since
the threshold of D∗s ¯D∗s is 4224.6 MeV, that is beyond the
phase space.
2. FIg. 3 (b) indicates the existence of another peak ap-
pearing in the Mmax(J/ψη) distribution caused by IS-
ChE mechanism with D∗ ¯D intermediate states.
3. There are explicit enhancement structures in Figs. 3
(c) and (e). As a broad structure, the enhancement in
Fig. 3 (c) is around Mmax(J/ψη) = mthD∗ ¯D∗ = 4.018 GeV.
While, the enhancement in Fig. 3 (e) is a sharp peak at
mthD∗s ¯Ds
= 4.081 GeV.
Similar to the above analysis of Y(4660) → ηηJ/ψ, in
5the following we also have some extra novel phenomena of
ψ(4790) → ηηJ/ψ, which include:
1. There is an enhancement structure near Mmax(J/ψη) =
4.081 GeV as shown in Fig. 4 (e). In addition, a
small peak appears in the Mmax(J/ψη) distribution in
Fig. 4 (f). We also notice a peak due to a threshold at
Mmax(J/ψη) = 4.018 GeV in Fig. 4 (c), which is re-
sulted from the ISChE mechanism and is different from
the turning point at Mmax(J/ψη) = 3.996 GeV men-
tioned above.
2. The lineshapes listed in Figs. 4 (a), (b) and (d) show that
the intermediate D ¯D, D ¯D∗, Ds ¯Ds cannot result in en-
hancement structures in the corresponding Mmax(J/ψη)
distributions except for peaks at the turning points.
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FIG. 5: (Color online.) The lineshapes of dΓ(ψ(4660) →
ηηJ/ψ)/dMmax(J/ψη) dependent on dipole and monopole form fac-
tors and parameter αΛ. Here, the figure is resulted from the ISChE
mechanism considering only the D∗s ¯Ds +H.c. intermediate state. The
maxima of the lineshapes are normalized to be unity.
In the following, we discuss the form factor dependence
of the lineshapes obtained, where we consider monopole and
dipole form factors in the calculation. In Fig. 5, we present
the distribution of dΓ(ψ(4660) → ηηJ/ψ)/dMmax(J/ψη) ob-
tained by taking these two form factors, and compare their
results, which show that the peak structures are not strongly
dependent on the expressions of the form factor. In ad-
dition, we also study αΛ dependence of the distribution of
dΓ(ψ(4660) → ηηJ/ψ)/dMmax(J/ψη). It is shown in Fig. 5
that the lineshapes for dΓ(ψ(4660) → ηηJ/ψ)/dMmax(J/ψη)
are not sensitive to αΛ, which is consistent with the observa-
tion in Ref. [7], where we once calculated αΛ dependence of
the lineshapes of dΓ(ψ(4415 → π+π−hc))/dmhcπ+ for the pro-
cess ψ(4415) → π+π−hc as an example, which also indicates
that the corresponding lineshapes are weakly dependent on the
cutoff introduced in the form factor. Accordingly we can con-
clude that the form factors and the parameter αΛ weakly af-
fect the obtained lineshapes, especially in the vicinity of D∗s ¯Ds
threshold.
In summary, we have calculated the di-eta decay of the
higher charmonia via the ISChE mechanism and predicted
some enhancements around the thresholds ofD ¯D∗ andD∗ ¯D∗.
Owing to the JPC conservation, D ¯D should be in P−wave,
whileD ¯D∗ andD∗ ¯D∗ are in S−wave in the ψD(∗)D(∗)η effec-
tive couplings. The stronger S -wave couplings mainly con-
tribute to the ISChE mechanism, which may be the reason
why there is no enhancement around D ¯D threshold via the
ISChE mechanism.
In the past decade experiments have made big progress on
searching for charmoniumlike states XYZ, which also stim-
ulated extensive theoretical studies on their properties. At
present, it is still a hot and interesting topic to carry out
both theoretical and experimental investigations on these XYZ
states.
Recent experimental observation of Zc(3900) is a charged
charmoniumlike state reported by BESIII [5] and confirmed
by Belle [9] and Ref. [10]. It again draws our attention to
a charmoniumlike state since a charged enhancement struc-
ture near the D ¯D∗ threshold was predicted in Ref. [7] before
this experimental observation, where the special mechanism
(ISPE) was applied to study the hidden-charm dipion decay
of Y(4260) and other higher charmonia. Our prediction con-
firmed by BESIII also inspires our interest in applying and
extending the ISPE to provide more abundant phenomena of
charged charmoniumlike structures [11–13].
Although we already have given many predictions of
charged charmoniumlike structures [11–13], we notice that
the isoscalar charmoniumlike structures similar to the pre-
dicted charged ones are absent in experiment. Thus, in this
work we have studied the hidden-charm di-eta decays of
Y(4660) and ψ(4790) to theoretically give the prediction of
the isoscalar charmoniumlike structure. Our results show
that there are enhancement structures near D ¯D∗, D∗ ¯D∗ and
Ds ¯D∗s thresholds in the Mmax(J/ψη) distribution of Y(4660) →
ηηJ/ψ. The calculation of ψ(4790) → ηηJ/ψ predict the en-
hancement structure near D∗ ¯D∗, Ds ¯D∗s and D∗s ¯D∗s thresholds
in the corresponding Mmax(J/ψη) distributions. We have not
seen any enhancement in the intermediate D ¯D/Ds ¯Ds chan-
nels in both Y(4660)/ψ(4790) → ηηJ/ψ processes. Other
than thresholds, we have found the turning points owing to the
sudden change of the phase space.Because we have separately
given only lineshapes of different intermediates, we cannnot
definitely claim that experiments should find these peaks due
to the interferences between different mechanisms working in
the higher charmonia and charmonium-like state decays.
These theoretical studies provide abundant information on
isoscalar charmoniumlike structure, which will be helpful for
further experimental exploration in future, where the potential
experiments to search for the predicted enhancements in this
work include BESIII, Belle, BaBar, and forthcoming BelleII.
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